(19) 



(12) 



(43) Date of publication: 

24.02.1999 Bulletin 1999/08 

(21) Application number: 98114976.8 

(22) Date of filing: 10.08.1998 



Europdisches Patentamt 
European Patent Office 
Office europ6en des brevets (1 1) EP 0 898 300 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : H01L 21/00 



(84) Designated Contracting States: 


• Vasquez, Barbara 


AT BE CH CY DE DK ES Fl FRGB GR IE IT LI LU 


Austin, Texas 78746 (US) 


MC NL PTSE 


* Mautz, Karl Emerson 


Designated Extension States: 


01326 Dresden (DE) 


ALLTLVMKROSI 


(74) Representative: 


(30) Priority: 18.08.1997 US 912726 


Gibson, Sarah Jane et al 


(71) Applicant: MOTOROLA, INC. 


Motorola 


European Intellectual Property Operations 


Schaumburg, IL 60196 (US) 


Midpoint 


(72) Inventors: 

• Hiatt, William Mark 


Alencon Link 


Basingstoke, Hampshire RG21 7PL (GB) 


01279 Dresden (DE) 





CM 
< 
O 

o 

CO 

00 
O) 
CO 

o 

Q. 

Ill 



MATERIAL DELIVERY TO TOOL 



LOAD ARM WITH SUBSTRATE 



-712 



NOTIFY HOST 
SYSTEM 



726^ 



BAD 

732 



VERIFY BACKSIDE 
CONDITION 



GOOD 



716^ 



WAIT RESPONSE 



REDO OF INTERNAL 
PROCESS 



(54) Method and apparatus for processing a semiconductor wafer on a robotic track having 
access to in situ wafer backside particle detection 

(57) The present disclosure is a method for in situ 
monitoring of backside contamination on a semiconduc- 
tor wafer (120) between processing steps which are 
performed in a multi-chamber tool (500). In a first form, 
a laser source (220) and a detector (210) are mounted 
on a robotic arm (1 10, 1 11), or within a semiconductor 
processing tool (500). The laser (220) and detector 
(210) move along with the robotic arm (110) as the 
robotic arm (110) shuffles the wafer (120) between 
processing carriers (610-650) and chambers (510-540). 
While in transit the backside of the semiconductor wafer 
(120) is scanned by a laser beam (221), whereby con- 
tamination is detected by a detector (210). The laser 
(220) and detector (210) then scan the backside of the 
wafer (120) while the robotic arm (110) is in transit 
and/or while the robotic arm (110) is stationary in the 
processing sequence. The absolute particle count and 
differential/incremental particulate counts are calcu- 
lated on a chamber-by-chamber, and wafer-by-wafer 
basis, using a data processor (230). 
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Description 

Field of the Invention 

[0001 ] The present invention relates generally to sem- s 
iconductor manufacturing, and more particularly to, 
processing semiconductor wafers on a track system 
wherein the track exposes the backside of the wafer 
thereby allowing in situ particle detection access to the 
backside of the wafer. 10 

Background of the Invention 

[0002] As wafer diameter increases over time and lith- 
ographic feature size reduces over time, controlling the 15 
particulate contamination on a backside of a semicon- 
ductor wafer becomes critical. This control is needed 
due to the fact that the lithographic depth of focus asso- 
ciated with the manufacture of these smaller features 
becomes more constrained as lithographic IC feature 20 
size shrinks. In addition, this depth of focus yield prob- 
lem is exacerbated by larger wafers which are harder to 
maintain in a fully planar position. If the wafer, or more 
specifically the wafer's exposure field, cannot be main- 
tained in a fully planar position during lithographic expo- 25 
sure due to the wafer backside contamination, the 
lithography tool cannot expose the entire wafer uni- 
formly or accurately, causing die to be scrapped. There- 
fore, a need exists wherein the contamination on the 
backside of wafers should be monitored closely for 30 
prompt detection and correction in order to improve IC 
manufacturing over the next few years. 
[0003] To illustrate the wafer backside contamination 
problem, FIGs. 1-2 are provided. Prior art FIG. 1 illus- 
trates a semiconductor substrate 10 (wafer) after being 35 
processed using a conventional organic wafer chuck. As 
illustrated in FIG. 1, a contamination signature 14 has 
been left upon the substrate 10. The contamination sig- 
nature 14 is transferred onto a backside of the semicon- 
ductor wafer simply by virtue of the wafer 10 being 40 
placed into contact with the chuck for a normal process- 
ing cycle. The contamination in FIG. 1 is the contamina- 
tion which results when a chuck, that has been 
processing for some time but still has no visible defects 
which can be detected by an operator, is placed into 45 
contact with the wafer 10. The individual contami- 
nants/particles 12, which form the contamination signa- 
ture 14 on wafer 10, have been detected by a prior art 
ex situ laser particle system to provide the illustration of 
FIG. 1 . As semiconductor feature sizes reach a 0.25 so 
micron and less, the individual contaminants 12 upon a 
backside of the semiconductor wafer 10 will have an 
increasingly greater effect upon lithographic pattern 
yield since the depth of focus is continually decreasing 
as IC technology progresses. Since wafer backside ss 
contamination may result in some parts of the wafer 
lying outside this depth of focus during lithographic 
exposure processing, yield is being adversely impacted 



by wafer backside contamination that was previously 
harmless. 

[0004] In order to reduce the amount of contamination 
upon the backside of the semiconductor substrate 10, 
ceramic or other inorganic wafer chuck compounds 
have been used. The contamination signature of one 
such ceramic wafer chuck is illustrated in FIG. 2. In FIG. 
2, a semiconductor substrate 20 has been exposed to a 
ceramic chuck for a normal processing cycle. The 
ceramic chuck of FIG. 2 is relatively new in that approx- 
imately 100 processing cycles have occurred on the 
ceramic chuck utilized in FIG. 2 prior to the measure- 
ment of contamination upon wafer 20. As illustrated in 
FIG. 2, a pronounced contamination signature 24 is 
beginning to occur upon the wafer 20, even though the 
ceramic chuck is relatively unused. In other words, the 
particulates/contaminants 22 are still being deposited 
on the backside of the wafer 20 by simple contact 
between the wafer 20 and the ceramic chuck Although 
the ceramic chuck may reduce backside contamination, 
the wafer 20 is still contaminated in a manner similar to 
the wafer 10 which was processed using the organic 
chuck in FIG. 1 . Due to the migrations of wafer backside 
contaminants to device areas as a result of subsequent 
processing as well as the physical contamination on the 
backside of wafers, which can effect the formation of 
small feature sized devices as a result of their effects on 
the depth of focus, it is important to try to reduce wafer 
backside contamination beyond that illustrated in FIG. 
2. Therefore, it would be advantageous to have an in 
situ method and apparatus for promptly detecting and 
correcting backside contamination on semiconductor 
substrates before yield is impacted or cross-contamina- 
tion occurs. 

[0005] One prior art method of monitoring backside 
contamination of semiconductor wafers is to perform a 
visual inspection of processing areas between the 
processing of individual wafers. During the visual 
inspection, an operator could manually inspect the 
wafer chuck, the handler, and -other processing loca- 
tions capable of contaminating the wafer, in order to 
determine whether or not there is any visible contamina- 
tion upon the wafer chuck. The obvious limitation of this 
method is that it is a very subjective test whereby, 
depending upon the individual operator, the results vary. 
A further limitation of this test is that, as smaller features 
sizes are being developed, the ability to detect the con- 
tamination assumes that it will be visible prior to the 
contamination causing a problem. The yield-reducing 
contamination is not always visible to the human eye. 
Therefore, very small particles which may adversely 
affect state-of-the-art technology would not be detected. 
For example, with small feature-sized devices of a 0.25 
micron or less, it is possible for a 0. 1 or 0.2 micron wafer 
backside contaminant to cause a shift in the depth of 
focus field enough to adversely impact yield. In addition, 
an additive effect occurs in that smaller particles build 
upon each other to create, in effect, larger particles 
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which cause the contamination issues previously dis- 
cussed. A particle of this size would not be detectable 
by the human eye, yet cause substantial financial loss to 
an IC manufacturer. 

[0006] A final limitation of the visual inspection proc- 
ess is the fact that it requires the processing tools to be 
designed such that the processing chucks are actually 
visible to the operator. This is a limitation in the tools 
and, in fact, many tools do not allow such a visual 
inspection to occur. Furthermore, once a single chuck 
or wafer is contaminated and goes undetected, this 
wafer or chuck could contaminate many other wafers or 
chucks thereby contributing to more widespread con- 
tamination. If undetected, a small area of contamination 
could spread to a larger area of contamination (i.e., 
cross-contamination has occurred). 
[0007] A second prior art method of performing the 
contamination inspection is to actually run a test wafer 
through a number of processing steps in a tool. At each 
individual processing step, the wafer is removed from 
the tool, flipped over, and scanned on the wafer back- 
side, given a wafer having a polished backside, via an 
ex situ laser process in order to determine the contami- 
nation introduced by the process. In order to monitor 
each process chamber for contamination, each wafer 
being processed would need to be removed, scanned 
and reintroduced into the tool to test yet another cham- 
ber in the tool. Alternatively, each chamber could have a 
dedicated wafer having a known contamination level 
that could be used to monitor all chambers in the tool. 
The limitations of this process is that a test wafer will 
generally be used, and that it requires removing the 
wafer from the processing tool in order to detect the 
contamination. This process also adversely affects 
throughput and may not detect contamination in time to 
avoid adverse contamination spreading in a multi-cham- 
ber processing tool. Normal wafers cannot be proc- 
essed in this manner since the active surface of the 
wafer is typically damaged when the wafer is flipped 
over onto a particle scanning tool chuck. Overall, this 
process is very slow, inefficient, laborious and costly in 
a modern semiconductor manufacturing environment. 
[0008] To date, conventional ex situ wafer backside 
particle detection is not effective or efficient. Wafer 
backside contamination threatens to reduce integrated 
circuit device yield in large wafers and/or in smaller lith- 
ographic dimensions due to lack of prompt detection 
and correction. A method of in situ contamination has 
not been developed to avoid contamination spreading 
within a multi-chamber tool. In a multi -chamber tool, 
identification of the one "problem chamber" using ex situ 
techniques is not efficient or accurate. Usually once a 
test wafer detects the contamination from a processing 
tool, the potential yield damage on processed wafers 
has already been done. To avoid these problems, many 
fabrication facilities frequently inactivate fabrication 
equipment and manually-clean the various chambers at 
frequent intervals to prevent a contamination problem 



that cannot be easily detected. This "over-maintenance" 
of the systems to prevent wafer backside contamination 
problems is costly and reduces throughput of the fabri- 
cation facility. Also, even if corrective action is taken, 
5 there is no current mechanism by which one can verify 
that the correction was effective without repeating the 
process. 

[0009] Therefore, an automated methodology which is 
capable of efficiently detecting and correcting wafer 
10 backside contamination within a processing tool would 
be beneficial. 

Brief Description of the Drawings 

is [001 0] It will be appreciated that for simplicity and clar- 
ity of illustration, elements illustrated in the drawings 
have not necessarily been drawn to scale. For example, 
the dimensions of some of the elements are exagger- 
ated relative to other elements for clarity. Further, where 

20 considered appropriate, reference numerals have been 
repeated among the drawings to indicate corresponding 
or analogous elements. 

FIGs. 1 and 2 illustrate contamination signatures on 
25 the backside of semiconductor wafers; 

FIG. 3 illustrates, in plan view, a robotic arm sup- 
porting a semiconductor substrate; 
FIG. 4 illustrates, in cross sectional view, a robotics 
system for transporting semiconductor substrates; 
30 FIG. 5 illustrates, in plan view, a tool for processing 
semiconductor wafers, in accordance with the 
present inventions; 

FIG. 6 illustrates, in cross sectional view, the tool of 
FIG. 5; 

35 FIG. 7 illustrates a flow diagram of implementing an 
embodiment of the present invention; 
FIG. 8 illustrates a flow diagram of implementing 
another embodiment of the present invention. 

40 Description of a Preferred Embodiment 

[001 1 ] Generally, the present invention is a method for 
in situ monitoring the backside of a semiconductor wafer 
between processing steps which are performed in a 

45 multi-chamber tool. In a first form, a laser source and a 
detector are mounted on a robotic arm or track within a 
semiconductor processing tool. The laser and detector 
move along with the robotic arm as the robotic arm shuf- 
fles the wafer between processing chambers. While in 

so transit between chambers, the backside of the semicon- 
ductor wafer is scanned by a laser beam located on the 
robotic arm whereby laser scattering is detected by a 
detector located on the robotic arm. The laser and 
detector then particle scan the backside of the wafer 

55 while the robotic arm is in transit and/or while the robotic 
arm is stationary between processing chambers in the 
processing sequence. The absolute particle count and 
differential/incremental particulate counts are calcu- 



3 



EPO 898300 A2 



lated from past data on a chamber-by-chamber, wafer- 
by-wafer, or even transfer-by-transfer basis. 
[001 2] By checking wafers as they are introduced into 
and returned from a new tool, the contamination level 
can be monitored. This contamination, or particulate, 
data is stored and processed via computer and can be 
used to promptly identify a problematic wafer before 
cross-contamination occurs and before IC yield is 
impacted. In situ detection as taught herein also 
promptly determines the source of the contamination 
(i.e.. the last chamber used for processing). Once con- 
tamination is promptly detected, the backside contami- 
nation on the wafer can be corrected by a cleaning or a 
redo process, unlike the ex situ processing taught by the 
prior art. In addition, when a wafer is determined to be 
contaminated, the chamber or chambers causing the 
contamination need be cleaned in order to prevent con- 
tinued contamination. The process taught herein is fast, 
efficient, enhances yield, does not adversely impact tool 
throughput, reduces equipment down-time, and enables 
future advances in reduced feature size and wafer size 
increases. 

[0013] Another embodiment is to design a specific 
area within the multi-chamber tool which is used for par- 
ticle detection oh the backside of the wafer. This area is 
not attached to the robotic arm as discussed above 
wherein the particle detection area is fixed and the 
robotic arm must bring the wafers to this particle detec- 
tion area within the multi-chamber tool. The robotic arm 
takes the wafer from the chamber, performs particle 
detection on the backside of the wafer in the designated 
particle detection area and then transports the wafer to 
the next chamber for processing. This embodiment 
does not encumber the robot arm or render the robotic 
interface more bulky, but it may slightly reduce through- 
put due to added robotic arm travel time. Furthermore, 
the in situ particle scanning method taught herein may 
be customized to scan only a designated area of the 
wafer backside wherein this designated area is an area 
most likely to be contaminated by a specific processing 
tool. In addition, a previously qualitative particle inspec- 
tion process is now able to become quantitative, which 
allows improved process control and eliminates human 
subjectivity. Numerical data processing in wafer back- 
side particle detection was not feasible or possible 
using prior art techniques. Therefore, a computer can 
now determine from the particle scanning data when 
the wafer backside contamination is beyond specifica- 
tion, stop processing wafers through that specific prob- 
lematic chamber, and initiate corrective action 
automatically. Also, automatic verification that the cor- 
rective action was successful is also possible. 
[0014] The invention can be further understood with 
reference to FIGs. 3-7. 

[0015] FIG. 3 illustrates a robotic arm 1 10. The robotic 
arm 1 10 has a ring portion 1 14. In one embodiment, the 
ring portion 114 has an opening in the front of the arm 
whereby individual semiconductor wafers can be picked 



up and returned to the arm automatically. The robotic 
arm 1 10 also has pins 1 12 at a bottom of the ring por- 
tion 114 which are used for physically holding/support- 
ing the semiconductor substrate 120 through the use of 
5 gravity. It is important to note that the robotic arm 1 1 0 is 
designed so that the backside of the semiconductor 
substrate 120 is open and exposed to underlying 
objects. Only small overlap areas of the wafer 120 and 
the pins 112 will not be available for backside scan- 
w ning^rocessing. Therefore, minimization of the overlap 
allows the maximum wafer backside area of the wafer to 
be scanned. The illustration of FIG. 3 is a wafer back- 
side view of the wafer 120 wherein a side opposite the 
backside of the wafer is an active area of the wafer on 
75 which active IC circuitry is formed. Therefore, the pins 
1 12 are seen to extend to within a 3mm edge exclusion 
zone in the periphery of the semiconductor wafer 120. 
The wafers processed herein are preferably 300mm 
wafers but may be any sized semiconductor wafer or flat 
20 panel display. 

[0016] FIG. 4 illustrates a side view of a backside 
metrology system (BMS) or robotic arm system. The 
backside metrology system is used for detecting con- 
tamination, such as particles, upon the backside of a 
25 semiconductor wafer which is supported in the robotic 
arm of FIG. 3. The backside metrology system com- 
prises an energy source 220 (preferably a laser source), 
a detector 2 1 0, and a controller 230. 
[0017] In operation, the laser 220 generates a laser 
30 beam 221 which is focussed upon a portion of the sem- 
iconductor substrate 120. The angle (q) at which the 
laser is focused upon the wafer is known as the angle of 
incidence and is predetermined in order to allow for opti- 
mal laser-light-scattering detection of contamination 
35 upon the wafer surface. The detector 210 has a detector 
portion 216 where the reflected or scattered laser beam 
223 is received. Based upon the reflection pattern of the 
laser, as detected by the detector 210, the controller 
230 can determine whether or not a contamination point 
40 exists at the location of which the laser beam is focused. 
[0018] Because the laser beam will be focused at a 
single point at any one moment and data is needed over 
a two-dimensional surface (not just a point on the 
wafer), it will be necessary to move the laser and detec- 
ts tor system relative to semiconductor wafer in order to 
detect contamination across a larger wafer surface. In 
one embodiment, this laser movement would be accom- 
plished by moving the semiconductor substrate 120 rel- 
ative to the preferably stationary detector and laser. This 
so raster scan of the laser can be accomplished by moving 
the semiconductor substrate 1 20 in the X and Y axis rel- 
ative to the detector and the laser, by spinning the sem- 
iconductor wafer, and also by adjusting the vertical 
component or Z axis of the semiconductor wafer. This 
55 type of raster scan checks substantially all of the wafer 
backside for contamination. It would be appreciated by 
one skilled in the art that it would also be possible to 
move the detector and the laser as well as the semicon- 
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ductor substrate, or move only the laser and detector 
while the substrate remained stationary in space. 
[001 9] In an embodiment where the detector and the 
laser will perform raster scanning and/or require altera- 
ble positioning of the precise angles of incidence of the s 
laser beam 221, a motor control portion 212 and 222, 
respectively, are shown to be connected to the control- 
ler/computer 230. Conversely, the controller 230 is 
shown to be connected to the robotic arm 110 for pur- 
poses of controlling the surface of the semiconductor w 
substrate 120 relative to the laser and the detector 
when the detector and laser are not physically coupled 
to the robotic arm 1 10 of FIG. 3 in one embodiment. In 
addition, coupling portions 214 and 224 are shown for 
both the detector and the laser whereby, in another is 
embodiment, the detector 210 and the laser 220 may 
actually be rigidly supported or physically connected to 
the robotic arm 110 of FIG. 3. This embodiment, 
wherein the detector 210, laser 220 and the robotic arm 
110 are all statically connected, will be discussed in 20 
greater detail in subsequent paragraphs. 
[0020] Because larger semiconductor wafers are 
becoming more common in the semiconductor industry, 
it would be expected that a certain amount of bowing 
would occur on the semiconductor substrate being 25 
tested, tt would be necessary to compensate for this 
bowing by use of the controller 230. In general, the bow- 
ing could be characterized and have a predetermined 
component whereby, based upon the specific point of 
the semiconductor substrate being tested, the robotic 30 
arm could be adjusted in order to assure the angle of 
incidents and reflections are appropriate in order to be 
properly detected by the detector 210. 
[0021 ] As previously discussed with reference to prior 
art FIGs. 1 and 2, chucks which hold semiconductor 35 
substrates tend to have a contamination signature 
which is repeatable. Therefore, the present invention 
also anticipates the backside contamination on a wafer 
as the result of individual processing chucks. Once the 
contamination signature of a chuck has been deter- 40 
mined, it would be possible to perform a modified data 
acquisition, whereby only the data points or surface 
areas which are known to be part of the contamination 
signature would actually be tested for contamination. By 
doing so, the overall throughput of the backside metrol- 45 
ogy system could be greatly improved, and may also be 
rendered more accurate. 

[0022] FIG. 5 illustrates a plan view of a semiconduc- 
tor processing station 500 which would contain the 
backside metrology subsystem shown in FIG. 4. Specif- so 
ically, the robotic mechanism 1 10 is illustrated as resid- 
ing upon a track 550 in FIG. 5. FIG. 5 illustrates both the 
possible embodiments. A first embodiment being where 
the backside metrology subsystem is mounted on the 
robotic mechanism 1 10 and mobile with the mechanism ss 
110. The second embodiment being where the back- 
side metrology subsystem is stationary in a station 200 
wherein the mechanism 1 10 must move the station 200 



between chambers in order to perform particle detec- 
tion as specific points during processing. 
[0023] At one end of the track, a station 200 for the 
backside metrology system is illustrated for the second 
embodiment. In this second embodiment, a semicon- 
ductor substrate, upon being removed by one of the 
processing chambers 510, 520, 530, or 540, would be 
transported along the track by the robotic arm 1 1 0 to the 
stationary backside metrology station 200 for backside 
contamination analysis. In a third embodiment, the 
backside metrology subsystem 100 would actually 
reside at or within the location of one of the processing 
chambers 510-540. For example, the chamber 540 
could actually be the equivalent of the backside metrol- 
ogy station 200 of FIG. 5. In the first embodiment, the 
robotic system 100 is the system of FIG. 4 including the 
connections 214 and 224, and controller 230 whereby 
the backside metrology subsystem is mobile with the 
robotic system 110 from chamber to chamber. In this 
configuration, particle detection and computer particle 
data storage may be done while the wafer is being 
transferred between different processing chambers 
510-540 thereby potentially increasing throughput. 
[0024] FIG. 5 illustrates an input or wafer carrier sec- 
tion 600 which has its own robotic system 1 1 1 which is 
similar to robotic system 1 1 0 in that the system 1 1 1 may 
also have access to a backside metrology subsystem 
using one of the three embodiments discussed above. 
The robotic system 1 1 1 moves wafers from a wafer car- 
rier input regions 610-650 to the processing chamber 
environment which includes chambers 510-540. 
[0025] FIG. 5 also illustrates a lithographic exposure 
chamber 505 which contains its own robotic system dif- 
ferent from the systems 110 and 111. Exchange 
between the robotic system 110 and the system 505 
occurs through a pass-through region 502 whereby 
robotic control changes from one system to another. 
Therefore, the system of FIG. 5 which illustrates a multi- 
chamber processing tool for lithographically processing 
wafers, is capable of performing in situ particle detection 
and computer processing and storage of contamination 
data. 

[0026] FIG. 6 illustrates a cross sectional view of a 
processing system which would contain a backside 
metrology subsystem. The first embodiment attaches 
the backside metrology subsystem to the movable 
robotic systems/arms 110 and 111 as previously dis- 
cussed. The illustration of FIG. 6 shows the backside 
metrology subsystem 200 residing at a lower portion of 
the overall system 500 as is used for use in the second 
embodiment. In yet a third embodiment, an entire cham- 
ber 510-540 may be used solely as a in situ metrology 
chamber. One reason for providing the system 200 at a 
lower portion of the overall system would be that it is 
advantageous to limit the amount of diffused light which 
would reach the backside metrology subsystem, since 
the imposition of diffused light could effect the contami- 
nation readings of the laser device. In fact, regardless of 
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the location of the subsystem of the backside metrology 
subsystem within the tool, it would be important to limit 
the amount of diffused light upon the tool. This is an 
advantage over the prior art, in that the prior art required 
specifically designed tools that provided chamber sys- 5 
terns, or robotic systems, that were operator accessible 
and visible in order for visual inspections to occur. This 
allows for similar design of the tools which are more 
processing focused as opposed to the prior art, 
whereby the operator-friendly characteristics to support 10 
visual inspections were important. 
[0027] FIG. 7 illustrates a flow 700 for using the 
present invention. Specifically, at step 710 of flow 700, 
material (e.g., a wafer substrate) would be delivered to 
a tool, such as tool 500, using a wafer carrier. The 15 
robotic arm would be loaded at step 712, with a semi- 
conductor substrate/wafer. In one embodiment, prior to 
being introduced into a processing chamber, it would be 
advantageous to determine whether or not the backside 
of the semiconductor substrate is contaminated at the 20 
time of entry to get an initial contamination point. There- 
fore, at step 714, the semiconductor substrate would be 
introduced into the backside metrology system. 
Whereby the metrology system can be a fixed station 
requiring robotics to pass over the metrology system or 2s 
the metrology system can be part of the robotics as pre- 
viously described. 

[0028] Based upon the specific process implemented 
by the processing tool, one of several events can occur 
when backside contamination is detected. Along a flow 30 
path 730, a "redo" process of some internal process 
upon the wafer would occur when a backside contami- 
nation condition is detected. In other words, if a photore- 
sist spinning step results in excessive backside 
contamination, then the wafer would be cleaned and 35 
then reprocessed (redo) through the same step in the 
hope of obtaining a better backside contamination 
result. Also, that particular "problem chamber" may be 
shut down for cleaning before the redo is performed in 
an attempt to increase the likelihood of a successful 40 
redo. The cleaning would generally be a manual clean- 
ing step. Such a redo condition could include a backside 
solvent strip followed by a re-verification step (e.g.. 
more particle detection done in situ) to determine 
whether or not the redo was successful. Typical first 4s 
pass "re dos" involve one or more of a deionized (Dl) 
water rinse, or an organic solvent spray or bath within 
the processing tool. 

[0029] In the event the redo 730 of the internal 
processing step was not able to resolve the issue, a so 
more aggressive cleaning step could occur (e.g., an ex 
situ megasonic clean, a piranha clean using H 2 0 2 and 
H 2 S0 4 heated to roughly 120C, or a alkali-amine sol- 
vent clean heated to approximately 90C). As an alterna- 
tive to this more aggressive clean, the wafer could be ss 
processed along a process flow path 732 whereby the 
host system and operator are notified and a response is 
waited for at step 726. The response 726 may be a 



chamber clean process or some other sort of mainte- 
nance needed to bring the chamber into specification. 
In the event a good wafer is detected (i.e., backside con- 
tamination is within an acceptable threshold), the wafer 
would proceed along a path 733 and be loaded into a 
processing chamber for a subsequent processing step. 
Following the processing of the material at step 718. the 
wafer would be loaded again onto the arm of the robotic 
tool at step 712. By repeating the verification of the 
backside condition at step 714, another determination 
will be made whether the wafer backside condition is 
good or bad after the previous processing is complete. 
When the condition is good, processing would either 
continue at other chambers or the process flow would 
progress along a path 731 whereupon the process 
would be complete. 

[0030] FIG. 8 illustrates a specific method utilizing the 
present invention for a photolithography process 800. 
The flow 800 begins at step 810 where a material is 
delivered to the processing tool from an external 
source. In general, the material would include a wafer 
carrying device containing individual semiconductor 
wafers to be processed. Next, at a step 811 , a substrate 
that has been delivered to the tool at step 810 is loaded 
onto the robotic arm by a robotics system. Next, at step 

812, the robotic arm moves into position in order to ver- 
ify the backside condition of the wafer. Next, at step 813, 
the semiconductor substrate is loaded into a dehydra- 
tion bake and adhesion module. Following the of step 

813, the robotic arm will load the semiconductor wafer 
and once again and move within the processing tool to 
verify whether backside contamination has occurred. 
[0031] Following the step 814 of determining backside 
contamination, the robotic arm loads the semiconductor 
substrate into another processing chamber whereby a 
photoresist coating is applied at step 815. Next, at step 
816, the robotic arm loads the substrate from the coat- 
ing chamber of step 815 and once again verifies 
whether backside contamination has occurred. Each 
step of determining or verifying- whether backside con- 
tamination has occurred (812, 814, 816, 818, 820, 822, 
824, and 826), includes data gathering by a data 
processing system, such as a computer or controller, 
which stores this information and compares it to previ- 
ous information and baseline information to determine 
whether contamination has occurred. Next, at step 817, 
the robotic arm loads the semiconductor wafer into a 
chamber for a soft bake process. Subsequently, at step 
818, the semiconductor substrate is loaded onto the 
robotic arm and a determination is made whether or not 
the backside of the semiconductor substrate has been 
contaminated. Next, at step 819, the substrate is trans- 
ported once again by the robotic arm to a processing 
chamber in order to expose the substrate to specific 
photographic images. Subsequently at step 820. the 
robotic mechanism will load the substrate for transpor- 
tation in order to determine whether or not backside 
contamination occurred at step 819. Next, at step 821, 
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the semiconductor substrate is transported into a < 
processing chamber in order to perform a post-expo- 
sure bake. Next, at step 822, the semiconductor sub- 1 
strate is removed from the post-exposure bake 
processing chamber and transported once again to ver- $ 
ify whether or not backside contamination has occurred. 
At a step 823, the semiconductor substrate is trans- 
ported to a developing chamber. At step 824, the semi- 
conductor substrate is removed from the developing 
chamber and transported to determine whether or not w 
backside contamination has occurred. At step 825. the 
semiconductor substrate is transported to a hard bake 
processing chamber. Subsequently, at step 826, the 
semiconductor substrate is loaded by the robotic arm 
and transported once again in order to determine is 
whether or not backside contamination has occurred. At 
a final step 827, the robotic arm transports the semicon- 
ductor substrate to be off-loaded from the processing 
tool. 

[0032J It should be noted that during the flow 800, 20 
there may be a number of determination steps of the 
type discussed with reference to FIG. 7 whereby the 
process flow may be interrupted depending upon 
whether or not a contamination is detected by one of the 
backside contamination verification steps of the flow of 25 
FIG. 8. 

[0033] It should be noted that this is an advantageous 
flow over the prior art in that it allows for real-time detec- 
tion of contamination on a process chamber-by-process 
chamber basis. In other words, when a specific process 30 
chamber begins to contaminate a wafer, the contamina- 
tion would be detected early, thereby identifying the 2. 
chamber as a contamination source. This is an advan- 
tage over the prior art where periodic cleaning steps are 
generally performed at a random basis as a preventa- 35 
tive measure. The present invention provides a deter- 
ministic method of monitoring wafer and chamber 
contamination, minimizes the number of wafers contam- 
inated by preventing processing in contaminated cham- 
bers, and identifies the contaminated chamber for 40 3. 
cleaning. By maintaining a database on the contamina- 
tion levels of individual wafers and chambers, a history 
is generated which can be used to ensure the quality of 
the wafers and chambers. 

[0034] While the present invention has been illustrated 45 
and described with reference to specific embodiments, 
further modifications and improvements will occur to 4. 
those skilled in the 'art. For example, other types of con- 
tamination may be detected besides particulates, for 
example chemical contamination including elemental so 
and molecular contamination. It is to be understood, 
therefore, that this invention is not limited to the particu- 
lar use illustrated and that it is intended in the appended 
claims to cover all modifications that do not depart from 
the spirit and scope of this invention. 55 



A method fa processing a semiconductor wafer 
(10) using a semiconductor processing tool, the 
method comprising the steps of: 

placing the semiconductor wafer (10) onto a 
robotic arm (110) within a semiconductor wafer 
processing tool (500); 

placing the semiconductor wafer (10) into a 
processing chamber of the semiconductor 
processing tool by moving the robotic arm 
(1 10) to the processing chamber; 
processing the semiconductor wafer (10) in the 
processing chamber; 

removing the semiconductor wafer (10) from 
the processing chamber using the robotic arm 
(110), the robotic arm (110) exposing a back- 
side portion of the semiconductor wafer (10) 
when the semiconductor wafer (10) is placed 
onto the robotic arm (110); and 
contaminant scanning the backside portion of 
the semiconductor wafer (10) within the semi- 
conductor processing tool (500) by scanning 
the backside portion of the semiconductor 
wafer (10) with an energy source (220), the 
contaminant scanning being used to determine 
if the backside portion of the semiconductor 
wafer (10) was contaminated during process- 
ing in the processing chamber. 

The method of claim 1 wherein the energy source 
(220) provides a laser beam which is reflected off of 
the semiconductor wafer (10) and detected by a 
detector (210), wherein the energy source (220) 
and the detector (210) are movable under auto- 
mated motor control for raster scanning across the 
backside portion of the semiconductor wafer (10) . 

The method of claim 1 wherein the energy source 
(220) is a laser and wherein the robotic arm (110) 
moves while the backside portion of the semicon- 
ductor wafer (10) is being irradiated with the laser to 
enable contaminant scanning of the backside por- 
tion of the semiconductor wafer (10). 

The method of claim 1 further comprising the steps 
of: 

determining if contamination on the backside 
portion of the semiconductor wafer (10) is out- 
of-specification; and 

cleaning the semiconductor wafer (10) if the 
backside portion of the semiconductor wafer 
(10) is out-of-specification. 



5. The method of claim 1 wherein the semiconductor 
processing tool contains a plurality of robotic arms 
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wherein each robotic arm (110) in the plurality of 
robotic arms exposes a backside of the semicon- 
ductor wafer (10) for contaminant detection. 

6, A method for processing a semiconductor wafer s 
(10) using a semiconductor processing tool, the 
method comprising the steps of: 

removing the semiconductor wafer (10) from a 
semiconductor wafer carrier that is attached to io 
the semiconductor processing tool; 
placing the semiconductor wafer (10) into a first 
process chamber of the semiconductor 
processing tool, the semiconductor wafer (10) 
being coated with photo-sensitive material is 
within the first process chamber; 
removing the semiconductor wafer (10) from 
the first process chamber using a robotic sys- 
tem; and 

performing in situ contaminant detection on an 20 
exposed backside of the semiconductor wafer 
(10) using the robotic system. 

. The method of claim 6 further comprising the steps 
of: 

computer storing a contaminant detection infor- 
mation measured following the step of perform- 
ing in situ contaminant detection. 



tor wafer (10) when the semiconductor 
wafer (10) is supported by the means for 
supporting; 

laser movement means for moving the 
laser in order to scan the laser along a 
backside of a semiconductor wafer (10) 
that is supported by the means for support- 
ing; and 

a detector (210) coupled to the robotic arm 
(110) so that the detector (210) follows the 
robotic arm (110) as the robotic arm (1 10) 
moves between chambers in the plurality 
of process chambers, the detector (210) 
being adapted to receive laser reflection 
from the backside of the semiconductor 
wafer (10) when the semiconductor wafer 
(10) is supported by the means for sup- 
porting; and 

computer means coupled to the semicon- 
ductor wafer processing tool (500) for stor- 
ing and processing semiconductor wafer 
(10) contaminant data detected by the 
detector (210). 

10. A method for processing a semiconductor wafer 
(10) using a semiconductor processing tool, the 
method comprising the steps of: 



removing the semiconductor wafer (10) from a 
semiconductor wafer carrier that is attached to 
the semiconductor processing tool; 
performing in situ contaminant detection on an 
exposed backside of the semiconductor wafer 
(10) using a robotic system; 
placing the semiconductor wafer (1 0) into a first 
process chamber of the semiconductor 
processing tool, the semiconductor wafer (10) 
being coated with an adhesion-promoting 
material within the first process chamber; 
removing the semiconductor wafer (10) from 
the first process chamber using the robotic sys- 
tem; 

performing in situ contaminant detection on an 
exposed backside of the semiconductor wafer 
(10) using the robotic system; 
placing the semiconductor wafer (10) into a 
second process chamber of the semiconductor 
processing tool, the semiconductor wafer (10) 
being coated with photo-sensitive material 
within the second process chamber; 
removing the semiconductor wafer (10) from 
the second process chamber using the robotic 
system; 

performing in situ contaminant detection on an 
exposed backside of the semiconductor wafer 
(10) using the robotic system; 
placing the semiconductor wafer (10) into a 
third process chamber of the semiconductor 



. The method of claim 7, further comprising the step 
of: 

determining if the semiconductor wafer (10) is 
contaminated based upon the contaminant 35 
detection information. 

A semiconductor wafer processing tool (500) com- 
prising: 

40 

a plurality of process chambers; 

a semiconductor wafer carrier region; 

a robotic system for transferring semiconductor 

wafers (10) between the plurality of process 

chambers and the semiconductor wafer carrier 45 

region, the robotic system having at least one 

robotic motion unit comprising: 

a robotic arm (110); 

means for supporting a semiconductor so 
wafer (10) coupled to the robotic arm 
(110); 

a laser coupled to the robotic arm (1 10) so 
that the laser follows the robotic arm (110) 
as the robotic arm (110) moves between ss 
chambers in the plurality of process cham- 
bers, the laser being adapted to direct a 
laser beam at a backside of a semiconduc- 



8 



15 EP0 898 300 A2 16 



processing tool, the semiconductor wafer (10) 
being baked within the third process chamber; 
removing the semiconductor wafer (10) from 
the third process chamber using the robotic 
system; s 
performing in situ contaminant detection on an 
exposed backside of the semiconductor wafer 
(10) using the robotic system; 
placing the semiconductor wafer (10) into a 
fourth process chamber of the semiconductor w 
processing tool, the semiconductor wafer (10) 
being lithographically exposed within the fourth 
process chamber; 

removing the semiconductor wafer (10) from 
the fourth process chamber using the robotic 15 
system; and 

performing in situ contaminant detection on an 
exposed backside of the semiconductor wafer 
(10) using the robotic system. 

20 



25 
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